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ABSTRACT 
The effect of herbicide applications to V3 soybeans on the reproductive ability of race 
3 soybean cyst nematode (SCN) was measured. The hatching response of SCN eggs to 
soybean root exudates collected after postemergence herbicide application, the viability of 
SCN eggs formed on treated plants and the levels of glyceollin in roots of treated soybeans 
was also measured. Soybeans were treated postemergence with IX and 2X label rates of 
herbicides plus a recommended adjuvant and the adjuvants alone. None of the treatments 
tested were found to stimulate SCN reproduction. Acifluorfen, bentazon, lactofen, crop oil 
concentrate (COC) and nonionic surfactant (NIS) treatments reduced SCN populations by 50 
to 60% at four and eight weeks after application when compared with the untreated control. 
Fluazifop-P, sethoxydim and imazethapyr treatments had SCN reproduction that was similar 
to the untreated control. Adjuvant treatments were as effective as some herbicide treatments 
in reducing SCN reproduction. However, no additive effect for adjuvant-herbicide 
combinations was observed nor did herbicide rate affect SCN reproduction The treatments 
reduced SCN reproduction only when applied to soybean plants and exhibited no effect when 
applied to the soil. All root exudate solutions (RES) increased SCN hatching more than 
deionized water, but less than ZnS04 solutions. However, no statistical differences due to 
herbicide treatment were observed. Filter sterilization of RES increased SCN hatching when 
compared with the use of non-sterile exudates. Acifluorfen, bentazon and lactofen treatments 
negatively affected the viability of SCN eggs in adult females that developed on treated plants. 
The acifluorfen, bentazon, COC and NIS treatments also increased root glyceollin levels of 
vi  
the treated soybeans at four days after application. Glyceollin accumulation in soybean roots 
has been implicated in SCN resistance. Therefore, these herbicide treatments may have 
induced a level of SCN resistance in a susceptible soybean, thus lowering SCN reproduction. 
SCN management strategies may be expanded to include the use of some postemergence 
herbicides. 
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GENERAL INTRODUCTION 
Soybean cyst nematodes (SCN) [Heterodera glycines (Ichinohe)] and weeds are 
among the most widely distributed and important pests in soybean [Glycine max (L.) Merr ] 
production for the North Central Region of the United States. Herbicides are used extensively 
and successfully for weed management in soybeans. Conversely, few acceptable chemical 
treatments exist for SCN. Where soil fiimigants can be used, nematicide-herbicide 
combinations are generally successful at controlling their targeted pests (Payan et al., 1987). 
However, soils in the northern United States are generally not suitable for fumigation with 
nematicides due to insufficient diffusion throughout the clay type soils (Sortland and 
MacDonald, 1987). The efficacy of non-fiimigant nematicides can vary with the chemical, the 
life stage of the nematode and the nematode species (McLeod et al., 1975). Additionally, the 
costs of a nematicide application generally limits their use to high value crops. Therefore, 
crop rotation and the use of resistant soybean cuhivars remain the most practical means to 
manage SCN in the North Central Region. Herbicides with the capability to control weeds 
and fiinction as nematicides would improve current management strategies for SCN. 
Dissertation organization 
The research was divided into three parts; measurement of SCN reproduction 
following postemergence application of several herbicides on soybeans, hatching of nematode 
eggs as influenced by root exudate solutions and development on herbicide treated soybeans, 
and determination of glyceollin concentration in the roots of treated soybeans. This 
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dissertation includes three research papers. The first paper describes SCN reproduction on 
soybeans in response to several herbicide and/or adjuvant treatments. The second paper 
reports the response of SCN hatching to root exudate solutions from herbicide-treated 
soybeans and the hatching potential for eggs developed on treated plants. The third paper 
reports the quantity of glyceollin, a compound known to inhibit SCN development, in 
soybeans roots following herbicide treatments. A general literature review precedes the first 
paper, and a general summary follows the third paper. A references cited section for all parts 
of the dissertation follow the general summary. The appendix includes ANOVA tables from 
the analysis of results included within the dissertation. Results from this research may help 
producers lower the negative impact of SCN on soybean yields. 
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LITERATURE REVIEW 
Soybean cyst nematode (SCN) and weeds are among the most widely distributed and 
economically important pests in soybean production for the North Central Region of the 
United States. Herbicides are used extensively for successful weed management in soybeans, 
but few effective chemical treatments exist for SCN. Growing non-host crops and resistant 
soybean cultivars remain the most practical strategies to manage SCN in the North Central 
Region. 
Soybean cyst nematode resistance 
"Only when juvenile SCN penetrate roots, migrate through cortical tissue and become 
sedentary in the steles are sharp differences manifested between resistant and susceptible 
plants" (Huang and Barker, 1991). The exact mechanism for SCN resistance has not been 
clearly defined. In the early stages of infection, the formation of syncytia cells or feeding sites 
and associated cellular changes are similar for resistant and susceptible soybean varieties. 
However, most syncytia in resistant varieties degenerate within 5 days after inoculation. 
Finally, the syncytia become necrotic, and the nematode dies (Schmitt and Riggs, 1991). 
Several distinct races of SCN have been characterized by their ability to reproduce on specific 
varieties of SCN-resistant soybeans. The expression of SCN resistance is somewhat unique, 
and each variety is usually resistant to only one or two specific races of SCN Therefore, the 
development of SCN on specific resistant varieties can be used to determine the race of SCN 
in soil samples where the race is unknown. Despite the existence of several SCN-resistant 
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varieties, the genetic traits for resistance has primarily come from two parental soybeans lines, 
P18878 and Peking (G. L. Tylka, personal communication, 1995). Continuous use of any 
SCN-resistant variety can cause a shift in the nematode population to a race for which the 
variety is not resistant and thus soybean yields are lowered. Therefore, the use of SCN 
resistant soybean varieties is an effective management tool limited by the potential for race 
shifting. 
Soybean cyst nematode hatching 
Hatching of SCN eggs often is the transition from a dormant protected state to a 
condition of growth and reproduction. Soil temperature, moisture and oxygen content affect 
the rate and timing of SCN egg hatching (Schmitt and Riggs, 1991). However, the growth of 
host and non-host plants can stimulate SCN hatch and reduce egg densities. Glycinoeclepin A 
extracted from roots of kidney beans (Phaseolus vulgaris L.) promoted SCN egg hatching 
and functioned as a root attractant for SCN second-stage juveniles (J2) at concentrations of 
10"'^ g per ml or lower (Masamune et al., 1982; Papademetriou and Bone, 1983). The SCN 
also responds to other compounds in the soil as a means to locate plant roots. However, the 
exact chemistry and concentration of compounds in root exudates which stimulate SCN egg 
hatch can be affected by the species, variety and growth stage of a plant (Caballero et al., 
1986; Schmitt and Riggs, 1991; Tefft and Bone, 1985). Positive movement of male SCN 
toward ionic solutes and biological compounds was reported (Huettel and Jaffe, 1987). SCN 
males were highly attracted to different concentrations of glycerol, several amino acids and 
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some adenosine monophosphate compounds. Several of these compounds are excreted by all 
roots and may be the means by which non-host plants stimulate SCN hatching. Several 
agricultural chemicals applied to the soil in soybean production areas also can influence SCN 
hatching and development (Agrios, 1988; Bostian et al., 1986; Fedorko et al., 1977; Payan et 
al., 1987). 
Direct eiTects of herbicides on nematodes 
Field plots treated with metribuzin [4-amino-6-( 1,1-dimethylethyl)-3-(methylthio)-1,2,4-
triazin-5(4H)-one], alachlor [2-chloro-iV-(2,6-diethylphenyl)-A''-(methoxymethyl) acetamide] 
or linuron [A^-(3,4-dichlorophenyl)-A'-methoxy-A'-methylurea], in addition to the nematicide 
aldicarb [2-methyI-2-(methylthio)propionaldehyde-0-(methylcarbomyl) oxime], had lower final 
population densities of SCN than plots treated with aldicarb alone (Schmitt et al., 1983). The 
application of trifluralin [2,6-dinitro-A'',A'^dipropyl-4-(trifluoromethyl)benzenamine], 
monolinuron [A^-(4-chlorophenyl)-A'-methoxy-A/-methylurea] and the nematicides fenamiphos 
[ethyl 3-methyl-4-(methylthio)phenyl(l-methylethyI)phosphoramidate] and aldicarb alone or in 
mixtures to soybeans field plots resulted in lower SCN population densities than the untreated 
control plots (Oji et al., 1988). 
Nematicide-herbicide combinations are generally successful at controlling their respective 
pests, although herbicides may have no effect, enhance nematode populations, reduce 
nematicidal activity, or enhance nematicide efficacy (Payan et al., 1987). Antagonism between 
alachlor and fenamiphos was thought to explain the late season SCN population resurgence 
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observed with field applications of these pesticides (Bostian et al., 1986; Sipes and Schmitt, 
1989). 
Several soil-applied herbicides inhibited egg hatch of Globodera rosiochiemis 
[(Wallenweber) Behrens] and Heterodera schachtii (Schmidt) nematodes in vitro when 
evaluated at concentrations similar to spray tank solutions, but the effects were markedly 
reduced at concentrations similar to those found in soil after an application (Perry and Beane, 
1989). Virtually no egg hatch occurred for G. rostochiensis or H. schachtii during the three-
week period following a 28-day exposure of cysts to field-use rates of several thiocarbamate 
herbicides (Perry and Beane, 1989). In the same study, metribuzin and lenacil [3-cyclohexyl-
6,7-dihydro-l/^-cyclopentapyrimidine-2,4(3//,5//)-dione] suppressed G. rostochiensis egg 
hatch approximately 70%. However, the herbicide effect decreased markedly with reduced 
herbicide concentrations. Water agar impregnated with technical grade monolinuron resulted 
in a 70% mortality of juvenile Steinernema feltiae (Filipjev), an insect parasitic nematode, 
after a 48-hr exposure (Fedorko et al., 1977). Forscher et al. (1990) determined that alachlor, 
sethoxydim [2-[ 1 -(ethoxyimino)butyl]-5-[2-(ethylthio)propyl]-3hydroxy-2-cyclohexen-1 -one], 
2,4-D [(2,4-dichlorophenoxy)acetic acid] and glyphosate [//-(phosphonomethyl) glycine] 
could inhibit S. feltiae, alachlor was the most deleterious. Wong et al. (1993) reported a 
significant inhibition of egg hatch for SCN eggs incubated in solutions of acifluorfen [5-[2-
chloro-4-(trifluromethy!) phenoxy]-2-nitrobenzoic acid], but no adverse effects of exposure to 
alachlor, atrazine [6-chloro-A'-ethyl-A^-(l-methylethyl)-l,3,5-triazine-2,4-diamine], bentazon 
[3-(l-methylethyl)-(lH)-2,l,3-benzothiadiazin-4(3H)-one 2,2-dioxide], clomazone [2-[(2-
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chlorophenyl)methyl]-4,4-dimethyl-3-isoxazolidinone], cyanazine [2-[[4-chloro-6-
(ethyIamino)-l,3,5-triazin-2-yI]amino]-2-methylpropanenitrile] or ethalfluralin [A'-ethyl-A'^(2-
methyI-2-propenyl)-2,6-dinitro-4-(trifluoromethyl)benzenamine] solutions were detected. 
Postemergence herbicides, representing different chemistry, may have adverse effects on 
nematodes. However, only soil-applied herbicides typically have been screened for nematicide 
activity. Postemergence herbicides not deposited on foliage could contact the soil and affect 
nematodes. The postemergence herbicide acifluorfen has inhibited SCN egg hatch in vitro 
(Wong et al., 1994). Additionally, the late season SCN population density in soybean plots 
that received a postemergence application of acifluorfen plus bentazon was less than the hand 
weeded control (Browde et al., 1994). 
Postemergence pesticides that translocate in plants could also affect nematodes, if 
translocated to plant roots. Phloem translocation of oxamyl [methyl A'^W-dimethyl-
iV[(methylcarbamoyl)oxy]-l-thiooxamimidate], a foliar-applied nematicide, decreased root 
galling and virus transmission caused by Longidorus elongatus (Jacobs and Heyns) 
nematodes. Alphey et al. (1985) concluded that basipetal translocation of oxamyl conferred 
some protection against nematodes at the root surface and perhaps even in the immediate 
rhizosphere. 
Changes in SCN population densities associated with herbicides have been attributed to 
inhibiting egg hatch, restricting the migration rate of nematode juveniles to host plants and 
inhibiting the development of nematodes within host plant roots (Payan et al., 1987). The 
type and concentration of herbicides applied for soybean production could influence their 
effects on nematodes, and any nematode management strategy based on herbicide use would 
have to ensure that sufficient concentrations contact the cysts or eggs (Perry and Beane, 
1989). Herbicides that have limited translocation or that are rapidly metabolized within the 
plant may require higher application rates than normally recommended for weed control to be 
effective nematicides. 
Indirect eflects of herbicides on nematodes 
Primary herbicide action Herbicides could also affect SCN population development 
by controlling weed species that function as alternate hosts (Riggs and Hamblen, 1966). 
Alternate host plants support SCN growth and reproduction, allowing SCN egg density to be 
maintained or increased. However, most common weed species in Minnesota and Iowa are 
non-hosts for SCN (Sortland and MacDonald, 1987; Wong et al., 1994), and in most crop 
production areas, weed escapes are generally few. Therefore, only limited nematode 
development would occur on escaped weeds, and eliminating all host weeds would have little 
effect on SCN population densities. 
Secondary plant response Despite very limited translocation and soil movement for 
acifluorfen and bentazon (Humburg, 1989), soybean plots treated with these herbicide had 
lower late season SCN population densities than hand weeded control plots (Browde et al., 
1994). Seemingly, these herbicides inhibited or delayed SCN development without direct 
herbicide-nematode contact. A direct response of soybeans to herbicide application may have 
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indirectly influenced nematode development. The application of some herbicides to soybeans 
has produced high levels of glyceollin, a secondary metabolic compound associated with 
natural plant defense in soybeans (Duke, 1987). These natural defensive compounds are 
commonly called phytoalexins. 
Phytoalexins Phytoalexins are low molecular weight products of plant 
biosynthesis with antibiotic properties to microorganisms. Phytoalexin production is often 
associated with a widespread, but poorly understood, plant disease reaction called the 
"hypersensitive reaction" (Taiz and Zeiger, 1991). Phytoalexins have several important 
characteristics: prior to insect attack, fungal or bacterial infection, they are generally 
undetectable in the plant; they are usually synthesized within hours of an attack; formation is 
restricted to the region around the infection or injury site; and they are toxic to a broad 
spectrum of plant pathogens (Taiz and Zeiger, 1991). The speed at which a plant can produce 
phytoalexins determines its susceptibility to pathogen attack (Keen and Bruegger, 1977). 
Additionally, plants do not seem to store any of the enzymes required for phytoalexin 
synthesis (Taiz and Zeiger, 1991) However, the phytoalexins produced are relatively non-
mobile in a plant, generally remain where they were produced and can provide relatively long 
term protection from pathogens. Several biotic and abiotic compounds have been found to 
induce phytoalexin accumulation (Davis et al., 1986). 
Biotic elicitors Some plants utilize polysaccharide fragments from the cell walls of 
fungal pathogens as a biotic elicitors (Darvil and Albersheim, 1984). Additionally, other 
fungal glycoproteins, peptides and fatty acids may serve as elicitors of phytoalexins (Davis et 
al., 1986). Fragments of pectin released from plant cell walls during insect feeding also elicit 
phytoalexin production. Subsequently, environmental stresses such as freezing, high levels of 
UV light and other factors which damage plant cells may elicit phytoalexin biosynthesis 
(Darvil and Albersheim, 1984). 
An effective biotic elicitor should stimulate rapid transcription of m-RNA for enzymes 
involved in phytoalexin biosynthesis (Ebel and Grisebach, 1988). In soybean cells, a biotic 
elicitor triggered a dramatic increase in the rate of m-RNA transcription within one hour (Ebel 
and Grisebach, 1988). Next, the various enzymes required for biosynthesis gradually 
appeared and the accumulation of the phytoalexin began. Within eight hours after exposure to 
an elicitor, soybean cells contained sufficient concentrations of a phytoalexin to inhibit 
pathogen growth. 
Soybeans produce glyceoHin as a common defense against microorganisms and insect 
herbivores (Fischer et a!., 1990). Three glyceollin isomers have been isolated from soybeans 
(Keen et al, 1971). The biosynthesis and accumulation of the various glyceollins in soybeans 
has been correlated with the inhibition of fungal growth (Welle et a!., 1990), Phytophtora 
megasperma resistance (Bhattacharyya and Ward, 1987; Graham et al,. 1990) and reduced 
insect feeding (Fischer et al., 1990). Compounds from the glyceollin biosynthetic pathway are 
also involved in the Rhizobiumf\egume interaction as gene regulators for proper nodule 
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development (Welle et al., 1990). High glyceollin concentrations were detected during root 
penetration of a SCN-resistant soybean variety by race 1 SCN and are thought to be partially 
involved in nematode resistance (Huang and Barker, 1991). Glyceollin was detected eight 
hours after SCN penetration of a resistant variety and the concentration increased steadily up 
to 0.3 }imoles ml"' at 24 hours after penetration. The accumulation was predominantly in root 
tissues immediately adjacent to the head region of the nematode in Centennial (resistant) but 
not in Ransom (susceptible) soybeans. 
When cotyledons of soybean were inoculated with Phytophiora megasperma, glyceollins 
accumulated only in the uppermost cell layers (Graham et al., 1990). However, daizein and 
genistein, the precursors to glyceollin, accumulated to levels 20 times as high as glyceollin in 
underlying layers of leaf cells. The massive buildup of precursors in cells distal to the point of 
elicitor application could relate to observed long-term induced disease resistance of these 
tissues (Graham and Graham, 1991). The timing and magnitude of glyceollin accumulation 
differed among soybeans varieties that were susceptible or resistant to P. megasperma 
(Bhattachar}ya and Ward, 1987; Graham et al., 1990). Glyceollin production and plant 
resistance to P. megasperma also were greatly influenced by plant age and maturity of the 
soybean leaves (Bhattacharyya and Ward, 1986). Soybeans classified as resistant to P. 
megasperma were susceptible at twelve days of age, while fourteen-day-old plants 
accumulated glyceollins and were resistant. Bhattacharyya and Ward (1986) concluded that 
sensitive plants did not develop the mechanisms for triggering responses to the elicitor, or that 
they were deficient in the metabolic processes necessary to support glyceollin biosynthesis. 
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Abiotic elicitors Various heavy metal salts and pesticides can function as abiotic 
elicitors, exhibiting positive or negative influences on phytoalexin production depending on 
dosage (Keen and Bruegger, 1977; Lydon and Duke, 1989; Lydon and Duke, 1993). 
However, not all plant species, or only certain tissues within the same plant, respond to 
specific chemical elicitors. The application of 1.0 jiM AgNOj solutions to soybean hypocotyis 
increased the glyceollin level to 1300% of control plants (Duke, 1985). Applications of 
acifluorfen (5.0 ppm) increased glyceollins in soybean leaves to >7500% of control plants 
(Komives and Casida, 1983, Duke, 1993). Additionally, low concentrations of Triton X-100', 
an emulsifier that is commonly used with postemergence herbicides, was very effective at 
inducing glyceollin synthesis in soybeans (Stossel, 1982). Therefore, glyceollin formation can 
be induced by several abiotic factors (Charkraboty and Purkayastha, 1987; Graham and 
Graham, 1991). Conversely, the application of glyphosate herbicide, which inhibits the 
shikimate acid pathway, reduced glyceollin levels in soybean leaves to less than 50% of 
control plants (Moesta and Grisebach, 1982; Ward, 1984). The glyphosate applications also 
resulted in the loss of soybean resistance to certain microbial pathogens (Keen et al ., 1982). 
The application of insecticides, herbicides and growth regulators which produce changes 
in plant physiology and development may alter disease susceptibility in crop plants (Altman 
and Rovira, 1989). Three different effects may be involved; changes in the composition of the 
host, changes in natural defense mechanisms and changes in the host structure. Each may 
result in greater susceptibility to infection or may provide a more favorable environment for 
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development of disease. These changes include quantitative and qualitative changes in 
exudation from host plants, stimulation of pathogen growth and inhibition of microflora 
competing with potential pathogens (Altman and Rovira, 1989). Therefore, direct application 
of some postemergence herbicides onto soybeans may directly or indirectly change their 
suitability as a host for SCN reproduction. 
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RESPONSE OF SOYBEAN CYST NEMATODES TO HERBICIDES ON SOYBEANS 
A paper to be submitted to Weed Science' 
Brian C. Levene, Micheal D.K. Owen, and Gregoiy L. Tylka^ 
Abstract. The effect of herbicides applied to V3 soybeans on the reproduction of race 3 
soybean cyst nematodes (SON) was measured. Soybeans were treated POST with IX and 
2X rates of herbicides plus adjuvants or with adjuvants alone, and SON development was 
measured. Acifluorfen, bentazon, lactofen, COG and NIS applications reduced SCN egg 
population densities by 50 to 60% compared with the untreated control at four and eight 
weeks after application. SCN reproduction on plants treated with fluazifop-P, sethoxydim 
and imazethapyr was similar to the untreated control, COC or NIS alone were as effective as 
acifluorfen, bentazon or lactofen applications for reducing SCN reproduction. However, no 
additive effect of adjuvant-herbicide combinations was observed, nor did herbicide rate effect 
SCN reproduction. Treatments reduced SCN reproduction only when applied to soybeans 
'Received for publication and in revised form . Journal 
Paper No. J- of the Iowa Agric, and Home Econ. Exp. Stn., Ames, lA 50011. Project 
No. 2062. 
^Grad. Asst., Prof of Agron., and Assoc. Prof of Plant Path., 2104 Agronomy Hall, Iowa 
State Univ., Ames, lA. 50011. 
15 
and had no effect on SCN reproduction when applied directly to the soil. No treatment 
stimulated SCN reproduction relative to the untreated control. Nomenclature: Acifluorfen, 
[5-[2-chloro-4-(trifluromethyl) phenoxy]-2-nitrobenzoic acid], bentazon, [3-(l-methylethyl)-
(lH)-2,l,3-ben20thiadiazin-4(3H)-0ne 2,2-dioxide]; fluazifop-P, (R)-2-[4-[[5-
(trifluoromethyI)-2-pyridinyl]oxy]phenoxy]propanoic acid; imazethapyr, 2-[4,5-dihydro-4-
methyl-4-( 1 -methylethyl)-5-oxo- l//-imidazol-2-yl]-5-ethyl-3-pyridinecarboxylic acid; lactofen, 
(±)-2-ethoxy-1 -methyl-2-oxoethyi 5-[2-chloro-4-(trifluoromethyl)phenoxy]-2-nitrobenzoate; 
sethoxydim, 2-[ 1 -(ethoxyimino)butyl]-5-[2-(ethylthio)propyl]-3 hydroxy-2-cyclohexen-1 -one; 
COC, paraffin base petroleum oil and polyol fatty acid esters and polyethoxylated derivatives 
thereof (83:17 by vol); NIS, a mixture of alkylarylpolyoxyethylene, glycols, free fatty acids 
and isopropanol; soybeans. Glycine max (L.) Merr.; soybean cyst nematode, Heterodera 
glycines Ichinohe 'race 3'; 
Additional index words: SCN, reproduction. 
INTRODUCTION 
Soybean cyst nematode (SCN)' and weeds are among the most widely distributed and 
economically important pests in soybean production for the North Central Region of the 
United States. Herbicides are used extensively for successful weed management in soybeans, 
but few effective chemical treatments exist for SCN, Where soil fumigants can be used. 
^Abbreviations; SCN, soybean cyst nematode; J2, second-stage juvenile; FAR, field 
application rate; WAA, weeks after application. 
nematicide-herbicide combinations are generally successfiil at controlling the targeted pests 
(Payan et al., 1987). However, soil fumigants for nematode control are generally not 
successful in the northern United States due to insufficient nematicide diffusion through the 
clay-type soils (Sortland and MacDonald, 1987). Covering the soil with plastic improves the 
fumigation of clay-type soils, but the procedure is generally too costly for most producers. 
Nonfiimigant nematicide efficacy varies with the chemical, nematode life stage and nematode 
species (McLeod and Khair, 1975). Therefore, growing non-host crops and resistant soybean 
cultivars remain the most practical strategies to manage SCN in the North Central Region. 
Herbicides that effectively manage weeds but also suppress nematode activity would expand 
current management strategies for SCN. 
Soybean cyst nematode development. Hatching of SCN eggs often is the transition from a 
dormant protected state to a condition of growth and reproduction. The second stage juvenile 
(J2)', having gone through one molt, emerges from the egg and is the infective stage of SCN. 
The SCN undergoes three more molts to become an adult. With optimal development, the 
entire lifecycle requires only 28 days (Alston and Schmitt, 1988). Soil temperature, moisture 
and oxygen content affect the rate and timing of SCN egg hatching (Schmitt and Riggs, 1991) 
and development. The growth of host and non-host plants can stimulate SCN hatch and 
reduce egg densities. However, the exact chemistry and concentration of compounds which 
stimulate SCN hatch can be affected by the species, variety and growth stage of a plant 
(Caballero et al., 1986; Schmitt and Riggs, 1991; Tefft and Bone, 1985). Several agricultural 
17 
chemicals applied to the soil also can influence SCN hatching and development (Agrios, 1988, 
Bostian et al., 1986; Fedorko et al., 1977; Payan et al., 1987). 
Direct efTects of herbicides on nematodes. Field plots treated with the herbicides 
metribuzin [4-amino-6-(l, 1 -dimethylethyl)-3-(methyhhio)-l,2,4-triazin-5(4H)-one], alachlor 
[2-chloro-A'-(2,6-diethylphenyl)-A'-(methoxymethyl)acetamide] or linuron [A''-(3,4-
dichlorophenyO-A'-methoxy-A'-methylurea], in addition to the nematicide aldicarb [2-methyl-2-
(methylthio)propionaldehyde-0-(methylcarbomyl)oxime], had lower final population densities 
of SCN than plots treated with aldicarb alone (Schmitt et al., 1983). Several soil-applied 
herbicides inhibited egg hatch of Globodera rostochiensis [(Wallenweber) Behrens] and 
Heterodera schachtii (Schmidt) nematodes in vitro when evaluated at concentrations similar 
to those used in spray tank solutions, but the effects were markedly reduced at concentrations 
similar to those found in soil after an application (Perry and Beane, 1989). No egg hatching 
occurred for G. rostochiensis or H. schachtii during a three-week period following a 28-day 
exposure of cysts to field-use rates of several thiocarbamate herbicides (Perry and Beane, 
1989). In the same study, metribuzin and lenacil [3-cyclohexyl-6,7-dihydro-l//-
cyc!opentapyrimidine-2,4(3//,5/f)-dione] suppressed G. rostochiensis egg hatch 
approximately 70%. However, the effect of the herbicides decreased markedly with reduced 
herbicide concentrations. Water agar impregnated with monolinuron [A''-(4-chlorophenyl)-A-
methoxy-//-methylurea] resulted in a 70% mortality of juvQnik Steinerncma feltiae (Filipjev), 
an insect parasitic nematode, after a 48-hr exposure (Fedorko et al., 1977). Forscher et al. 
(1990) determined that alachlor, sethoxydim, 2,4-D [(2,4-dichlorophenoxy) acetic acid] and 
glyphosate [A^-(phosphonomethyl) glycine] could inhibit S. feltiae development; alachlor was 
the most deleterious. Wong et al. (1993) reported a significant inhibition of SCN when free 
eggs were incubated in solutions of acifluorfen. However, no adverse effect on hatching was 
observed for eggs exposed to alachlor, atrazine [6-chloro-A^-ethyl-A^-(l-methylethyl)-1,3,5-
tria2ine-2,4-diamine], bentazon, clomazone [2-[(2-chlorophenyl)methyl]-4,4-dimethyl-3-
isoxazolidinone], cyanazine [2-[[4-chloro-6-(ethylamino)-l,3,5-triazin-2-yl]amino]-2-
methylpropanenitrile] or ethalfluralin [A'-ethyl-A^-(2-methyl-2-propenyl)-2,6-dinitro-4-
(trifluoromethyl)benzenamine] solutions. 
Postemergence (POST) herbicide deposited on foliage and the soil surface could move 
into the soil profile and contact nematodes. Further, POST pesticides that effectively 
translocate to plant roots also could affect nematodes. Phloem translocation of oxamyl 
[methyl A^'A''-dimethyI-A'[(methylcarbamoyl)oxy]-l-thiooxamimidate] decreased root galling 
and virus transmission caused by Longidonis elongaius (Jacobs and Heyns) nematodes. 
AJphey et al. (1985) concluded that basipetal translocation of oxamyl conferred some 
protection against nematodes at the root surface and perhaps even in the immediate 
rhizosphere. Late season SCN population densities in soybean plots treated POST with 
acifluorfen plus bentazon were less than the control plots (Browde et al., 1994), 
The influence of some herbicides on nematodes could be affected by the application rate, 
and any nematode management strategy based on herbicide use would have to ensure that 
sufficient concentrations contact the cysts (Perry and Beane, 1989). Herbicides with limited 
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translocation or those that are rapidly metabolized may require higher application rates than 
normally recommended for weed control to be affective nematicides. 
Indirect effects of herbicides on nematodes. Herbicides could affect SCN population 
development by controlling weed species that function as alternate hosts (Riggs and Hamblen, 
1966). However, most common weeds in Minnesota and Iowa are not SCN hosts (Sortland 
and MacDonald, 1987; Wong et al., 1994) and, thus, weed escapes likely would support only 
limited SCN development. 
The lower SCN population density in acifluorfen plus bentazon plots observed by Browde 
et al. (1994) likely was not from direct herbicide-nematode contact. Seemingly, these 
herbicides affected SCN development despite their limited ability to translocate in plants and 
their lack of movement in soils (Humburg, 1989). Some herbicides have induced high levels 
of glyceollins, a secondary metabolic compound associated with natural plant defense in 
soybeans (Duke, 1985). High glyceollin concentrations also were detected around nematodes 
during root penetration in a SCN-resistant soybean variety; glyceollins are thought to be 
involved in SCN resistance in soybeans (Huang and Barker, 1991). 
The experimental objectives were to (a) measure SCN reproduction on soybeans 
following POST herbicide applications and (b) to determine if any change in reproductive 
response was attributable to direct or indirect herbicide effects. 
MATERIALS AND METHODS 
SCN-susceptible 'Corsoy 79' soybeans were planted into 15-cm plastic pots in a 
greenhouse. Each pot contained 2500 cm' of a pasteurized potting material consisting of 
equal parts sand and Canisteo clay loam soil (Fine loamy, mixed (calcareous), mesic Typic 
Haplaquolls). The sand was added to the soil to improve SCN extraction efficiency. High-
pressure sodium lights supplemented natural lighting with approximately 300 jiM m'- s"' PPFD 
and were adjusted to provide a 15 h day-length for all experiments. The soybeans were 
watered and fertilized** as needed for optimal growth. Pots were thinned after one week to a 
single VC to VI soybean plant (Fehr et al., 1971) and infested with 1000 race 3 SCN eggs per 
100 cm^ potting material. Eggs used for the inoculum were collected from adult females and 
cysts that were developed on soybean established in the greenhouse. Eggs were removed 
from the females and cysts (Niblack et al., 1993), prepared as an SCN inoculum and delivered 
in 15 ml of water to the soil surface (1,670 eggs ml"'). The soil surface was pierced eight 
times with a spatula prior to SCN inoculation, thus allowing the eggs to disperse down into 
the potting material. After inoculation, 2 cm of wet sand was added to the top of each pot to 
limit egg desiccation. 
Herbicide evaluation. Herbicide treatments were POST applied 2 weeks after SCN 
inoculation when soybeans were V3. Herbicide applications were made in a CO,-
•'Peters Professional Soluble Plant Food (20-20-20) A.H. Hummert Seed Co., 2746 
Chauteau Ave., St. Louis, MO 63103. 
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powered spray chamber delivering 234 L ha"' at 245 IcPa. The herbicides were applied at IX 
and 2X field application rates (FAR)^ with a recommended adjuvant (Table 1). Adjuvants 
also were tested at IX FAR for effects on SCN development. 
Herbicides applied without adjuvants would not be practical in field operations and were 
not originally included in the investigation. However, after preliminary experiments, 
supplemental studies were established to fijrther define herbicide and adjuvant effects. 
Soybeans were established and inoculated with SCN as described and 1X FAR of acifluorfen, 
acifluorfen + NIS, NIS, bentazon, bentazon + COC and COC were applied (Table 1). For all 
experiments, soybeans assigned to the control treatment received no chemical application, but 
all plants were sprayed with water on a regular basis during normal watering. 
SCN reproduction was assessed by destructively sampling plants at 4 and 8 weeks after 
application (WAA)^, or approximately after 1 and 2 SCN generations. The soybean tissue 
above the cotyledonary node was collected and dried at 35 C for 2 d to determine shoot dry 
weight. Cysts, females and J2 SCN were extracted from a 100 cm^ soil sample using a 
semiautomatic elutriator at 4 WAA (Byrd et al., 1976; Niblack et al., 1993). Only females and 
cysts were extracted from samples at 8 WAA because the J2 could have hatched from eggs 
applied as inoculum or been produced during the first or second generations. The females and 
cysts were crushed to release the eggs, the eggs stained and counted (Niblack et al., 1993). 
The J2 SCN were collected and enumerated (Byrd et al., 1983) to estimate hatching from the 
newly formed eggs and approximate secondary infection potential, although some J2 could 
have been from the initial SCN inoculum. Additionally, the decision to sample J2 was made 
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Table 1. Herbicide treatments and application rates evaluated for effects on SCN 
reproduction. 
Herbicide rate Adjuvant rate 
Treatment IX 2X 
kg ai ha"' 1 ha"' 
acifluorfen + NIS* 0.56 1.12 0.24 
bentazon + COC'' 1.12 2.24 2.34 
fluazifop-P + NIS 0.21 0.42 0.24 
imazethapyr + NIS 0.035 0.07 0.24 
lactofen + COC 0.46 0.92 2.34 
sethoxydim + COC 0.28 0.56 2.34 
COC - - 2.34 
NIS _ 0,25 
control - -
°X-77 nonionic surfactant, Valent Corp. Walnut Creek, CA. 94596. 
""Prime oil, Riverside/Terra Corp., Sioux City, I A. 51101. 
after the first experiment, so J2 densities were determined only in the second experiment. 
Soybean root systems were collected at 8 WAA and washed to remove attached females 
and cysts, which were crushed to release the eggs and counted as described previously. 
Delays in SCN development, as shown by adult females remaining on the soybean roots 
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following herbicide treatment, could then be estimated. 
Herbicide evaluation studies were conducted as randomized complet block experiments 
with sample time, herbicide treatment and rate as the treatments. The supplemental studies 
were conducted as randomized complete block experiments, where sample time, herbicide and 
adjuvant type were the treatments. Both studies had five replications, were repeated and data 
were combined for analysis except where significant differences were noted. All data were 
analyzed by analysis of variance (ANOVA) and means were separated with Fisher's least 
significant difference (LSD) test if significant differences among treatments were detected 
(P<0.05) (SAS, 1987). 
Herbicide placement. Soybeans were grown and treated as described. Treatments included 
acifluorfen, bentazon, lactofen, COC and NTS at the IX FAR (Table 1) applied to the plant 
and soil topically, to the plant alone or to the soil alone. The soil was shielded with plastic 
film during herbicide application for the plant treatments. The volume of spray solution which 
would contact the soil surface in a pot (0.47 ml) was calculated, diluted in 30 ml of water and 
applied to the soil surface of selected pots for all soil treatments. Following herbicide 
application, pots were carefijlly watered only on the soil surface to prevent washing herbicide 
residues from soybeans onto the soil. SCN reproduction was determined at 4 and 8 WAA by 
extracting females and cysts from soil samples and counting eggs as described. Studies were 
conducted as a randomized complete block where sample time, herbicide treatment and 
placement were the treatments. The study was repeated, treatments were replicated five times 
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and data were combined for analysis. Data analysis was completed by ANOVA and means 
were separated with Fisher's LSD test if significant differences among treatments were 
detected with ANOVA (P < 0.05) (SAS, 1987). 
RESULTS AND DISCUSSION 
Herbicide evaluation. SCN egg densities were similar for the IX and 2X herbicide rates, 
5916 and 6650 per 100 cm^ soil (LSD=1517), respectively, when averaged over harvest date, 
herbicide treatment and adjuvants only treatments were excluded. The 2X herbicide rate of 
acifluorfen and lactofen killed some soybeans and prevented SCN development, thus 
increasing the variability for the data collected on SCN reproduction. The higher cost 
associated with a 2X FAR would also make such applications impractical when no statistical 
difference existed between rates for SCN reproduction. Therefore, only data for the 1X 
applications are presented. The soybean dry weight was not affected statistically by IX 
treatments (data not presented). 
Harvest date and herbicide treatments both affected the reproduction of SCN. However, 
the interaction of harvest date and herbicide treatment was significant for the quantity of SCN 
eggs collected per 100 cm"' soil. The acifluorfen, bentazon, imazethapyr and lactofen 
treatments had lower SCN egg densities than the untreated controls at 4 WAA (Table 2). 
Fluazifop-P and sethoxydim treatments had SCN egg densities similar to other herbicide 
treatments and the untreated control. No herbicide treatment stimulated SCN egg 
development above the untreated control. SCN reproduction on plants treated with COC and 
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NIS was only one-half to one-forth of the untreated control plants at 4 WAA (Table 2). and 
thus, densities were similar to acifluorfen, bentazon and lactofen treatments. 
Changes in cyst nematode population densities associated with herbicides have been 
attributed to inhibited egg hatch, restricted migration rate of nematode juveniles to host plants 
and inhibited development of nematodes within host plant roots (Payan et al., 1987). 
Herbicide treatments in this study did not affect the initial hatching or J2 migration since 
plants were inoculated 2 weeks before herbicide application and thus many SCN J2 should 
have penetrated the soybean roots prior to treatment application Thus, following the 
example of Payan et al. (1987), SCN development within the soybean root was the area for 
herbicidal influence on nematodes. 
Treatments including COC demonstrated the lowest and highest SCN egg densities 
observed among treated plants when applied alone and with sethoxydim, respectively. The 
COC alone reduced SCN reproduction more than when applied in combination with 
sethoxydim. Some herbicides (Duke, 1985), fatty acids (Darvil and Albersheim, 1984) and 
adjuvants (Stossel, 1982) have been shown to elicit phytoalexin production. However, 
sethoxydim interferes with lipid biosynthesis by inhibiting acetyl coA carboxylase (Humburg, 
1989), which could limit the substrate for the malonic acid pathway and prevent the formation 
of phytoalexins associated with plant defense (Taiz and Zeiger, 1991). Potentially, the 
expression of soybean defensive compounds may have been stimulated by adjuvants, but 
sethoxydim seemingly blocked lipid biosynthesis temporarily and prevented phytoalexin 
biosynthesis, thus allowing normal SCN reproduction. 
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Table 2. Effect of herbicide treatment on SCN second-stage juvenile (J2) and egg densities 
per 100 cm^ soil at four and eight weeks after application (WAA)*. 
4 WAA 8 WAA 
Treatment J2 Eggs Eggs 
acifluorfen + NIS*" 254 AB 1725 BCDE 5225 C 
bentazon + COC 128 B 1666 BCDE 6347 EC 
fluazifop-P + NIS 446 AB 2559 ABC 10255 AB 
lactofen + COC 125 B 1270 DE 4387 C 
imazethapyr + NIS 216 AB 2230 BCD 12084 A 
sethoxydim + COC 214 AB 2670 AB 12980 A 
control 454 A 3810 A 14775 A 
COC 118B 937 E 5119C 
NIS 129 B 1385 CDE 6079 BC 
'Means in columns followed by a common letter are not significantly different at the P < 0.05. 
^X-11 nonionic surfactant, Valent Corp. Walnut Creek, CA. 94596. 
•^Prime oil, Riverside/Terra Corp., Sioux City, lA. 51101. 
Plants receiving bentazon, lactofen, COC and NIS treatments had lower J2 population 
densities in the soil than the untreated control at 4 WAA (Table 2). If the herbicide treatments 
had stimulated egg hatch or enhanced SCN development, the population density of J2 would 
have been greater for these treatments. However, reduced SCN egg reproduction combined 
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with the lower J2 population densities support the hypothesis that some POST herbicides 
suppress first generation SCN development. 
Researchers have found that maximum numbers of J2 penetrate susceptible roots by 6 
weeks after planting and then penetration declines for the remainder of the growing season 
(Bostian et al., 1986). When nematicides limited soybean SCN infection for the first 6 weeks 
after planting, yields were similar to resistant varieties of soybeans (Wrather and Anand, 
1988). Acifluorfen, bentazon, lactofen, COC and NIS treatments apparently reduced or 
delayed initial SCN reproduction in our studies, and these treatments could possibly lower 
overall SCN populations and improve soybean yields in infested fields. 
At 8 WAA, the egg density from second SCN generation in the untreated control 
treatment was over 50% greater than the densities observed for plants treated with 
acifluorfen, bentazon, lactofen, COC and NIS (Table 2). The densities of SCN eggs from 
plants treated with fluazifop-P, sethoxydim and imazethapyr were similar to the untreated 
control. Lower SCN reproduction at 4 WAA as a result of acifluorfen, bentazon, lactofen, 
COC and NIS treatments likely limited J2 populations necessary for the establishment of the 
second generation and, thus, reduced overall SCN reproduction The buildup of glyceollin 
precursors in induced cells (Graham and Graham, 1991) could have also conferred the long-
term SCN resistance observed for these tissues. Production of glyceoliins or other 
phytoalexins resulting from herbicide and/or adjuvant applications may have limited the initial 
SCN development and reduced the total reproduction potential for both generations. 
The population densities of females and cysts collected from the soybean roots averaged 
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as high as 46000 eggs per plant at 8 WAA. However, the average number of eggs collected 
for the initial and repeated herbicide evaluation studies were quite different, 5408 and 46992 
eggs per plant respectively (LSD = 14029). The SCN eggs collected from soybean roots in 
response to herbicide treatments was highly variable. The average SCN egg density for 
individual herbicide treatments ranged from 16272 to 45611 eggs per plant, but these 
differences were not statistically significant, and thus, data are not presented (LSD = 29580). 
The first study was started on March 5, 1993 and repeated on June 24, 1993. Despite 
attempts to maintain uniformity, environmental conditions in the greenhouse were warmer 
during June, which likely enhanced SCN development. With optimal development, three 
generations of SCN could have developed by the last harvest for the June experiment (Alston 
and Schmitt, 1988). Therefore, the higher egg densities for the June study were potentially 
attributable to an additional SCN generation. 
In supplemental studies, the untreated control plants had an SCN egg population density 
of 1325, which was greater than other treatments (Table 3) at 4 WAA (LSD = 273). 
Therefore, application of acifluorfen and bentazon, with or without an adjuvant, reduced SCN 
reproductio.i. The SCN reproduction was lower for bentazon than acifluorfen applications 
with or without an adjuvant, but both treatments were similar to the adjuvant only treatments. 
Additionally, the mean egg densities for COC and NIS treatments, alone or in combination 
with a herbicide, were similar to the herbicide only applications. SCN reproduction following 
acifluorfen, NIS, bentazon or COC was similar to acifluorfen + NIS and bentazon + COC 
applications, thus no additive effect from combining herbicides and adjuvants was observed. 
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Table 3. Effect of herbicides and adjuvants on SCN egg population densities per 100 cm^ soil 
at four weeks after application. 
Adjuvant 
Herbicide none COC NTS'" Mean' 
none 1325'' 1050 475 762 AB 
acifluorfen 875 - 925 900 A 
bentazon 475 550 - 625B 
Mean' 788 A 800 A 700 A 
"Prime oil, Riverside/Terra Corp., Sioux City, lA. 51101. 
''X-77 nonionic surfactant, Valent Corp. Walnut Creek, CA. 94596. 
'Means in columns or rows followed by a common letter are not significantly different at the 
P < 0.05 level. 
Value not used to calculate column or row means for adjuvant or herbicide type, respectively. 
Herbicide placement. The overall density of SCN measured at 4 and 8 WAA was different 
for harvest date, 84 and 1131 eggs per 100 cm^ soil, respectively (LSD= 478). All herbicide 
treatments reduced SCN densities compared with the untreated soybeans at 4 and 8 WAA 
when averaged over herbicide placement (Table 4), However, ail herbicide treatments had a 
similar level of SCN reproduction at both harvest dates. When averaged over herbicide 
treatments, SCN egg densities were greater for the soil treatments than the topical or plant 
treatments, which were similar at both harvest dates. There was no herbicide treatment by 
placement interaction observed for either harvest date. The SCN had reduced reproduction 
only when the herbicide treatments contacted the plant. This result was not unexpected, 
because acifluorfen, bentazon and lactofen are strongly adsorbed to the soil (Humburg, 1989). 
Therefore, these herbicides should not move downward in the soil profile and any effect on 
the SCN would have to be through the soybeans. However, acifluorfen, bentazon and 
lactofen also have limited plant translocation (Humburg, 1989). Therefore, it is unlikely that 
lower egg densities observed for the topical and plant treatments were from herbicide 
translocation or direct herbicide-nematode contact. Additionally, the adjuvant only treatments 
reduced SCN reproduction compared to the untreated control. Thus, an indirect plant 
mediated response is likely the cause. 
A 5.0 |iM application of acifluorfen has been shown to increase soybean glyceollin levels 
to more than 7500% of control plants (Duke, 1985). Salts of heavy metals, surfactants, fatty 
acids and organic solvents also functioned as abiotic elicitors of glyceollins (Bailey, 1982; 
Darvil and Albersheim, 1984). Glyceollins are typically synthesized and accumulate in 
response to the inoculation of several pathogens and are associated with soybean resistance to 
certain fungal, bacterial, viral and nematode diseases (Huang and Barker, 1991). Susceptible 
plants may be deficient in metabolic processes that support phytoalexin biosynthesis or they 
do not have the appropriate trigger mechanism for an elicitor (Bhattacharyya and Ward, 
1988). Herbicides and/or adjuvants that can induce glyceollin formation may indirectly reduce 
nematode establishment and reproduction. Therefore, the lower SCN reproduction v/as 
apparently from a plant-mediated response after treatment application. Direct effects of 
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herbicide treatments on the soybeans may have indirectly changed their SCN susceptibility. 
However, not all herbicide treatments tested in these studies reduced SCN reproduction and 
herbicide-plant contact was required for effectiveness. The specific ingredient(s) in the 
herbicides and adjuvants which lowered SCN reproduction were not identified. Application 
timing may be very important for optimal suppression of SCN reproduction. Still, selected 
herbicide treatments may be effective management tools for SCN. 
Table 4. Effect of herbicide treatment and treatment placement on SCN egg population densities per 100 cm^ soil at four and 
eight weeks after application (WAA). 
4 WAA 8 WAA 
T reatment topical plant soil Mean' topical plant soil Mean' 
acifluorfen + NIS' 25 30 180 78 B 690 175 1940 935 B 
bentazon + COC'' 35 40 125 67 B 450 1360 1942 1250 B 
lactofen + COC 45 20 60 42 B 320 740 1965 1008 B 
COC 30 30 65 42 B 210 1020 1630 953 B 
NIS 15 20 195 77 B 677 620 1470 790 B 
control 200 200 200 200 A 1870 1870 1870 1870 A 
Mean' 57 B 58 B 138 A 637 B 964 B 1802 A 
"X- l l  nonionic surfactant, Valent Corp. Walnut Creek, CA. 94596. 
''Prime oil, Riverside/Terra Corp., Sioux City, lA. 51101. 
'Means within columns or rows followed by a common letter are not significantly different at the P < 0.05 level for herbicide 
treatment or placement, respectively, at four or eight WAA. 
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INFLUENCE OF HERBICIDE APPLICATION TO SOYBEANS 
ON SOYBEAN CYST NEMATODE EGG HATCHING 
A paper to be submitted to the Journal of Nematology' 
Brian C. Levene^, Micheal D. K. Owen^, and Gregory L. Tylka^ 
Abstract. The hatching response of SCN eggs to soybean root exudates collected after 
postemergence herbicide application and the hatching potential of SCN eggs formed on 
treated plants was measured. Hatching in all root exudate solutions (RES) was greater than in 
deionized water, but less than in ZnS04 solutions. No differences in hatching among RES 
from the herbicide treated soybeans was observed. Fiher sterilization of RES increased SCN 
hatching when compared with the use of non-sterilized exudates. Acifluorfen, bentazon, and 
lactofen treatments negatively affected the SCN hatching. The crop oil concentrate (COC) and 
non-ionic surfactant (NIS) treatments did not affect egg hatching and the percentage of eggs 
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that hatched was similar to the untreated control. 
Key words: Glycine max, hatching, herbicide, Heterodera glycines, postemergence, 
reproduction, root exudates, soybean cyst nematode, SCN. 
INTRODUCTION 
Hatching of soybean cyst nematode (SCN) [Heterodera glycines Ichinohe] eggs often is 
the transition from a dormant, protected state to a condition of growth, and reproduction. 
Growth of host and non-host plants stimulates H. glycines hatch and causes the reduction of 
egg densities. However, H. glycines growth and reproduction is not supported by non-host 
plants and the nematode egg densities decline in the absence of a host. Sortland and 
MacDonald (1987) found the presence of host and non-host plants did not significantly affect 
H. glycines egg densities until the end of a second 40 d growing period. Still, some H. 
glycines eggs can remain dormant for up to nine years in soils without any plants (Schmitt and 
Riggs, 1991). Soil temperature, moisture, and oxygen content affect the rate and timing of H. 
glycines hatching (Schmitt and Riggs, 1991). Additionally, soil conditions at the end of a 
growing season may induce dormancy or diapause of H. glycines eggs, thus delaying the hatch 
during favorable conditions (Schmitt and Riggs, 1991). 
Glycinoeclepin A extracted from kidney bean {Phaseolus vulgaris L.) roots promoted H. 
glycines hatching and functioned as an attractant for H. glycines second-stage juveniles (J2) at 
concentrations of 10''" g per ml or lower (Masamune et al., 1982; Papademetriou and Bone, 
1983). H. glycines also sense other compounds in the soil as a means to locate plant roots. 
Movement of male H. glycines toward ionic solutes and biological compounds has been 
reported (Huettel and Jaffe, 1987). The H. glycines males were highly attracted to different 
concentrations of glycerol, several amino acids, and some adenosine monophosphate 
compounds. Several of these compounds are excreted by the roots of all plants and may be 
the means by which non-host plants stimulate nematode hatching. Soybean [Glycine max (L.) 
Merr.] root exudates from H. g/>'c/>ie5-susceptible cultivars stimulated nematode hatching 
more than those from resistant cultivars (Caballero et al., 1986). However, more H. glycines 
eggs hatched in pots containing resistant soybean cultivars than susceptible cultivars (Schmitt 
and Riggs, 1991). Furthermore, root exudates from soybeans with 4 to 7 leaves, small pods, 
or those beginning to senesce stimulated H. glycines egg hatch more than exudates from 
plants in other stages of growth (Teffi and Bone, 1985). Therefore, the properties of root 
exudates and the degree of H. glycines hatch stimulation can be affected by the species, 
variety, and growth-stage of a plant. 
H. glycines hatching and development may also be influenced by agricultural chemicals 
applied to the soil in soybean production areas (Agrios, 1988; Bostian et al., 1986; Fedorko et 
al., 1977; Payan et al., 1987). Soil fijmigants can control nematodes regardless of 
development stage (Agrios, 1988). Non-fijmigant nematicides also are available, although the 
efficacy varies with the chemical, nematode species, and stage of nematode development 
(McLeod and Khair, 1975) 
Nematicide-herbicide combinations generally are successful at controlling their respective 
pests, although herbicides may have no effect, enhance nematode populations, and reduce or 
enhance nematicide efficacy (Payan et al., 1987). Antagonism between alachlor [2-chloro-^-
(2,6-diethylphenyl)-A'-(methoxymethyl) acetamide] and fenamiphos [ethyl 3-methyl-4-
(methylthio)phenyl(l-methylethyl)phosphoramidate] may explain the late season H. glycines 
population resurgence observed with field applications of these pesticides (Bostian et a!., 
1986; Sipes and Schmitt, 1989). 
Herbicides also have reduced nematode densities. Direct effect of herbicides on 
nematodes has been attributed to a combination of the following phenomena; inhibiting egg 
hatch, restricting the migration rate of the juveniles to host plants, and inhibiting the 
development of nematodes within host plant roots (Payan et al, 1987). Several soil-applied 
herbicides have shown nematicidal activity in vitro at concentrations similar to that in spray 
tank solutions, but effects of the herbicide were markedly reduced when tested at 
concentrations typically found in soil (Perry and Beane, 1989; Poinar, 1986). Fedorko et al. 
(1977) reported 70% nematode mortality after exposure to several levels of technical grade 
monolinuron [A''-(4-chlorophenyI)-A^-methoxy-A^-methylurea] for 48 h. 
Three weeks after a 28 d exposure to field-use rates of several thiocarbamate herbicides, 
virtually no nematode egg hatch was observed (Perry and Beane, 1989). However, the effect 
of these herbicides was decreased markedly with reduced concentrations. Of seventeen 
herbicides tested in aqueous solutions, only trifluralin [2,6-dinitro-A'^,A'-dipropyl-4-
(trifluoromethyl)benzenamine] and pendimethalin [//-(l-ethylpropyl)-3,4-dimethyl-2,6-
dinitrobenzenamine] adversely affected nematode activity (Kovac, 1982). Wong et al. (1993) 
reported a significant inhibition of H. glycines egg hatch when free eggs were incubated in 
solutions of acifluorfen [5-[2-chIoro-4-(trifluromethyl) phenoxy]-2-nitrobenzoic acid] but no 
adverse effects of exposure to alachlor, atrazine [6-chloro-A'^-ethyl-iV-(1-methylethyl)-1,3,5-
triazine-2,4-diamine], bentazon [3-(l-methylethyl)-(lH)-2,l,3-ben20thiadiazin-4(3H)-0ne 2,2-
dioxide], clomazone [2-[(2-chIorophenyi)methyl]-4,4-dimethyI-3-isoxazoIidinone], cyanazine 
[2-[[4-chloro-6-(ethylamino)-l,3,5-triazin-2-yl]amino]-2-methylpropanenitrile] or ethalfluralin 
[A'-ethyl-A^-(2-methyl-2-propenyl)-2,6-dinitro-4-(trifluoroniethyl)benzenamine] solutions were 
detected. 
Application of trifluralin, monolinuron, and the nematicides fenamiphos and aldicarb [2-
methyl-2-(methylthio) propionaldehyde-0-(methylcarbomyl)oxime] alone or in mixtures to 
soybeans field plots at recommended field application rates (IX) resulted in lower H. glycines 
population densities than the untreated control plots (Oji et al., 1988). Twice the normal rate 
(2X) of trifluralin and pendimethalin reduced H. glycines J2 population densities without 
affecting soybean yields (Youmans, 1986). The relative cyst population densities for the 
herbicide treatments were: control, metolachlor[[2-chloro-A^-(2-ethyl-6-methylphenyl)-yV-(2-
methoxy-l-methylethyl)acetimide] (IX & 2X) ] > trifluralin (IX) > pendimethalin (2X). 
Aldicarb application reduced cyst population densities below that of all treatments except 
pendimethalin (2X) (Youmans, 1986). 
Typically, only soil-applied herbicides have been screened for nematicidal activity. 
Postemergence herbicides also may have adverse effects on nematodes. N. glyci/ies-infested 
soybean plots treated postemergence with acifluorfen plus bentazon [3-(l-methylethyl)-(l//)-
2,l,3-benzothiadiazin-4(3//)-one 2,2-dioxide] had significantly lower late-season nematode 
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population densities than hand-weeded plots (Browde et al., 1994). Postemergence 
applications of acifluorfen, bentazon, lactofen [(±)-2-ethoxy-I-methyl-2-oxoethyl 5-[2-chloro-
4-(trifluoromethyl) phenoxy]-2-nitrobenzoate], crop oil concentrate (COC) [paraffin base 
petroleum oil and polyol fatty acid esters and polyethoxylated derivatives thereof (83:17 by 
vol)], and NIS [a mixture of alkylarylpolyoxyethylene, glycols, free fatty acids, and 
isopropanol] reduced H. glycines population densities at four and eight weeks after 
application (WAA) (Levene et al., 1995). The mechanism by which the herbicide treatments 
were effective against H. glycines development was thought to be plant-mediated. However, 
Wong et al. (1993) reported a significant inhibition of H. glycines egg hatch when free eggs 
were incubated in solutions of acifluorfen; no adverse effect of exposure to bentazon solutions 
was detected. 
The objectives of this research were to determine if herbicide-treated soybean root 
exudates effected nematode hatching and to measure the hatching potential of H. glycines 
eggs that developed on herbicide treated soybeans. 
MATERIALS AND METHODS 
Collection of root exudates: Concurrent studies were conducted with pasteurized and H. 
^/>'c/>;e5-infested potting material to determine H. glycines- and herbicide-induced changes in 
root exudate solutions (RES) as exhibited by changes in H. glycines hatching. The studies 
were conducted in the greenhouse using 'Corsoy 79' soybeans, an H. g/j^c//?e.y-susceptible 
variety, planted into 15 cm diameter plastic pots. Each pot contained 2,500 cm^ of a potting 
material consisting of equal parts of sand and Canisteo clay loam soil (Fine loamy, mixed 
(calcareous), mesic Typic Haplaquolls). The H. g/yc/zje^-infested potting material contained 
approximately 5,000 H. glycines race 3 eggs per 100 cm^ At 1 week after planting (WAP), 
all pots were thinned to 6 soybean plants at late VC development (Fehr et al., 1971). Water 
and fertilizer were provided as needed for optimal soybean growth and development. High-
pressure sodium lights supplemented natural lighting with approximately 300 nM m'" s"' PPFD 
for a photoperiod of 15 h. The herbicide treatments were applied at normal field application 
rates 5 WAP when soybeans were eariy V5 (Table 1). The application timing was chosen 
because RES from V5 soybeans have been reported to enhance H. glycines hatch (Schmitt 
and Riggs, 1991). Herbicide and adjuvant treatments were chosen because reduced H. 
glycines reproduction on soybeans following their application was observed (Levene et al., 
1995). All treatments were applied in a COj-powered spray chamber delivering 234 L ha"' at 
245 kPa. After the treatments had dried on the leaves (=1 h), the soybeans were carefully 
removed from the potting material and the roots were washed in tap water. Three intact 
plants were placed into a 250-ml flask containing 200 ml of deionized water and returned to 
the greenhouse for 48 h. Flasks were covered with aluminum foil to limit root exposure to 
sunlight while in the greenhouse. The RES was filtered through four layers of cheesecloth to 
remove particulate matter, the volume adjusted to 210 ml with deionized water, and 20 ml of 
the solution used to establish a SCN hatching bioassay. The remaining RES was frozen until 
needed. Freezing exudate solutions has been shown to allow storage without a loss in RES 
activity (Papademetriou and Bone, 1983). 
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Table 1. Herbicide and adjuvant treatments in the H. glycines hatching experiments. 
Treatment Herbicide rate Adjuvant rate 
kg ha"' 1 ha ' 
acifluorfen + NIS" 0.56 0.24 
bentazon + COC'' 1.12 2.34 
lactofen + COC 0.46 2.34 
COC - 2,34 
NIS - 0.24 
control 
'X-77 nonionic surfactant, Valent Corp. Walnut Creek, CA. 94596. 
•"Prime oil, Riverside/Terra Corp., Sioux City, lA. 51101. 
H. glycines hatching bioassay: Hatching bioassays were established on the same day the 
RES were collected. Eggs were collected from adult SCN females on roots of untreated, 30 
d-old soybeans (Niblack et al., 1993) and surface sterilized with 0.5% chlorhexidine diacetate 
for 15 min, then rinsed repeatedly with sterile water (Acedo and Dropkin, 1982). Each 
treatment consisted of 8000 eggs placed on a 2 cm circular nylon screen (38 ^im pores) 
(Wong et al., 1993) and the screen placed into a 3 by 8 by 1 cm plastic tray which contained 
10 ml of fresh RES or a control solution. Trays for each replication were placed into a single 
plastic storage box and incubated at 25 C in complete darkness. The hatching screens were 
transferred to trays containing identical fresh solutions every 3 d over a 21 d period. Juveniles 
that hatched and passed through the nylon screen were counted following each transfer. After 
21 d, the remaining unhatched eggs and J2 in each tray were counted and the percentage hatch 
calculated. RES were used as non-sterile extracts or passed through a 0.22 |im sterilizing 
filter before use. Fresh RES was thawed from the frozen samples 24 h before use. The 
control solutions were deionized water and 0.167 M ZnS04, both adjusted to pH 7.0, which, 
respectively, permitted or stimulated egg hatch of SCN (Clarke and Shepherd, 1966). The 
screens, trays, and storage boxes were washed, then surface sterilized with ultraviolet light 
before use. Concurrent RES studies were conducted as randomized split plot with SCN 
presence or absence in the potting material as the main plot and herbicide treatment and 
exudate sterilization as the split treatments. The studies were repeated, all treatments were 
replicated five times, and the data were combined for analysis. Data were subjected to an 
analysis of variance (ANOVA). When significant differences among treatments were detected 
with ANOVA (P < 0.05), means were separated with Fisher's least significant difference 
(LSD) test (P < 0.05) (SAS, 1987). 
Hatching potential: Soybeans were grown in SCN-infested potting material as described 
previously. Herbicide treatments (Table 1) were applied 3 WAP, and soybeans then were 
maintained in the greenhouse until 4 WAP. Soybean were removed from the potting material 
and water used to remove newly developed adult SCN females from the plant roots. The 
females were collected on a 250-|am pore sieve and combined by treatment; their eggs were 
extracted (Niblack et al., 1993), surface sterilized (Acedo and Dropkin, 1982) and then used 
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to establish a hatching bioassay. Eggs from each treatment were bathed in deionized water or 
ZnS04 during a 21 d incubation period and egg viability was estimated. No effort was made 
to determine the state of the unhatched eggs at the end of the incubation period and actual egg 
viability was not determined. Experiments for hatching potential were conducted as a 
randomized complete block, where incubation solution and herbicide were the treatments. 
The study was repeated, all treatments were replicated five times, and data were combined for 
analysis. Data were analyzed by ANOVA, and means were separated with Fisher's LSD test 
if significant differences among treatments were detected (P < 0.05) (SAS, 1987). 
RESULTS AND DISCUSSION 
Root exudate studies: RES from soybeans grown in the presence or absence of SCN 
stimulated egg hatching similarly, 17.4 and 20.0% respectively (LSD=2.8%). Therefore, the 
data were combined and analyzed as a randomized complete block, with herbicide treatment 
and exudate sterilization the treatments. 
Filter-sterilized RES had greater SCN hatch than the unfiltered exudate solutions over the 
21 d incubation period (Figure 1). Filtering presumably removed bacteria and fiingi that may 
have been present in the RES and, therefore, the degradation of the SCN eggs and/or hatch 
stimulating compound(s) during the incubation period was minimized. If bacteria or fungi 
stimulated SCN hatching, the non-sterilized RES would have greater hatching than the filter-
sterilized solutions. Because the filter-sterilized RES had a greater percentage of eggs hatch, 
the stimulating factor was not likely from bacteria or fungi. 
47 
25 
20 -
SI 
o 
(D 
15 -
1 0  -
filter-sterilized exudate 
non-sterile exudate 
LSDo5 = 1.2% 
0 3 6 9 12 15 18 21 24 
Incubation period (d) 
Figure 1. Effect of filter-sterilizing root exudate solutions and incubation period on SCN egg 
hatching. Data are averaged for herbicide treatments and each data point represents the mean 
of 140 observations. The LSD is for comparison of means among incubation periods for any 
incubation solution or for comparison of solutions for any incubation period (P < 0.05). 
The rate of SCN hatching was greatest during the initial 15 d of incubation for all 
solutions tested (Figure 2). After 6 d, all RES stimulated hatching more than deionized water, 
but less than ZnS04. However, SCN hatching was similar for all RES over the 21 d period of 
incubation, and the quantity of J2 remaining on the screen at 21 d was similar for all 
treatments. Therefore, no treatment reduced SCN hatching or J2 survival when compared 
with deionized water. The lower SCN reproduction on herbicide treated soybeans observed 
by Levene et al. (1995) was not likely due to changes in root exudates following treatment 
application. The parent molecules of these herbicide are not highly mobile in plants, making 
any direct effect from these herbicides on RES very unlikely. However, RES were collected 
for only 2 DAA and Levene et al. (1995) did not disturb roots for 4 WAA. Movement of 
herbicide metabolites and/or production of natural compounds requiring more than 2 days for 
expression may have reduced the SCN reproduction. 
Hatching potential: ZnS04 solutions always had greater SCN egg hatch than deionized 
water when averaged over herbicide treatment (Figure 3A). Some herbicide treatments also 
influenced SCN hatching, when data were averaged for incubation solution (Figure 3B), No 
interaction of herbicide treatment by incubation solution was detected. A lower percentage of 
eggs that developed on acifluorfen and bentazon-treated plants hatched than those from 
control plants when averaged for incubation solution. Similarly, eggs from NIS and lactofen-
treated soybeans had lower hatching percentages than those from control plants after 9 d. 
Eggs from COC-treated plants had greater hatch than those from control and bentazon-
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Figure 2. Effect of root exudate solutions from herbicide-treated soybeans on the hatching of 
untreated SCN eggs. Data are the averaged over incubation solutions. Each data point 
represents the mean of 40 observations. The LSD is for comparison of means among 
incubation period for any herbicide treatment or for comparison of treatments for any period 
of incubation (P < 0.05). 
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Figure 3. Effect of incubation solution (A), herbicide treatment (B), and period of incubation 
on the hatching of SCN eggs. Data are averaged over herbicide treatment or incubation 
solution, respectively. Each data point is the mean of 60 (A) and 20 (B) measurements. The 
LSD is for comparison of means among incubation periods for any one solution (A) or 
herbicide treatment (B), or for comparison of solutions (A) or herbicide treatments (B) for any 
one incubation period (P < 0.05). 
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treated plants initially; however, after 6 d values were similar. Inducing eggs from acifluorfen 
and lactofen treatments to hatch with ZnSO^ solutions did not improve hatching to a level 
similar to the untreated control. 
Payan et al. (1987) have suggested that herbicides inhibited nematode egg hatch, 
restricted juvenile migration rate, and inhibited development within roots of host plants. 
However, the RES from treated and untreated soybeans in this study stimulated SCN hatching 
equally. Migration of J2 in RES was not affected by the herbicide treatments, assuming the 
quantity of J2 SCN remaining on the hatching screens was an indirect measure of restricted J2 
movement. Therefore, the herbicide treatments tested did not appear to inhibit egg hatching 
or restrict J2 migration as suggested for direct herbicide effects by Payan et al. (1987). 
Finally, the hatching potential was reduced when eggs developed on herbicide treated 
soybeans. Nematode development within the roots of treated soybeans likely was affected. 
The exact cause for the lower hatching potential was not determined. The active ingredient, 
metabolites of the herbicide, formulation products in the herbicide, and secondary plant 
metabolites formed after herbicide application could have each affected the hatching potential 
of H. glycine eggs which developed on treated soybeans. 
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EFFECT OF HERBICmES ON SOYBEAN ROOT GLYCEOLLIN LEVELS 
A paper to be submitted to the Journal of Weed Science 
Brian C. Levene, Micheal D. K. Owen, and Gregory L. Tylka 
Abstract. The effect of herbicides applied to V3 soybeans on the glyceollin levels in the roots 
of treated soybeans was measured. Soybeans were treated postemergence with herbicides 
plus adjuvants or with adjuvants alone, and glyceollin levels measured at 4 days after 
application. Acifluorfen, bentazon, crop oil concentrate (COG) and nonionic surfactant (NIS) 
applications increased root glyceollin levels, compared with the untreated control. However, 
no additive effect of adjuvant-herbicide combinations was observed. Nomenclature: 
Acifluorfen, [5-[2-chloro-4-(trifluromethyl) phenoxy]-2-nitrobenzoic acid]; bentazon, [3-(l-
methylethyl)-(lH)-2,l,3-benzothiadiazin-4(3H)-one 2,2-dioxide]; lactofen, (+)-2-ethoxy-l-
methyl-2-oxoethyl 5-[2-chloro-4-(trifluoromethyl)phenoxy]-2-nitrobenzoate; COG, paraffin 
base petroleum oil and polyol fatty acid esters and polyethoxylated derivatives thereof (83 .17 
by vol); NIS, a mixture of alkylarylpolyoxyethylene, glycols, free fatty acids and isopropanol; 
soybeans. Glycine max (L.) Merr.; soybean cyst nematode, Heterodera glycines Ichinohe 
'race 3'; 
Additional index words; SCN, Heterodera glycines. 
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INTRODUCTION 
In natural habitats, plants are surrounded by many potential predators and pathogens 
(Taiz and Zeiger, 1991). They cannot avoid these enemies simply by moving away, thus they 
utilize various physical structures, such as thorns and spines, to repel some herbivores. Plants 
also produce a diverse array of organic compounds that are commonly known as secondary 
plant metabolites. These compounds do not seem to have any direct function in growth and 
development, but some have been shown to repel herbivores and pathogenic organisms. 
Specific secondary metabolites may be found only in one plant species or closely related 
species, whereas the basic primary metabolites are found uniformly throughout the plant 
kingdom (Taiz and Zeiger, 1991). Giannini et al. (1991) suggests that the rapid production 
of secondary plant metabolites by some plants is the key to pathogen resistance. 
Secondary plant metabolites 
Secondary plant metabolites can be divided into three basic groups according to their 
mode of biosynthesis: terpenes, nitrogen-containing compounds and phenolics (Taiz and 
Zeiger, 1991). The functions of each chemical group are quite diverse, however each contains 
specific examples of compounds used for plant defense. Soybeans produce several phenolic 
compounds which are referred to as isoflavanoids or phytoalexins. 
Phytoalexins Phytoalexins are low molecular weight products of plant biosynthesis 
with antibiotic properties to one or several groups of microorganisms. They are phenolic 
compounds produced via the shikimate acid pathway, malonic acid pathway or various 
combinations of these pathways (Taiz and Zeiger, 1991). Phytoalexin production is often 
associated with a widespread, but poorly understood plant disease reaction called the 
"hypersensitive reaction" (Taiz and Zeiger, 1991). Phytoalexins have several interesting 
characteristics: prior to insect attack or fungal and bacterial infection, they are generally 
undetectable in the plant; they are usually synthesized within hours of the pathogen attacic; 
formation is restricted to the region around the infection site; and they are toxic to a broad 
spectrum of plant pathogens (Taiz and Zeiger, 1991). Several biotic and abiotic compounds 
have been found to elicit phytoalexin accumulation (Davis et al., 1986). The speed that a 
plant can produce phytolexin determines its susceptibility to pathogen attack (Keen and 
Bruegger, 1977). Additionally, plants do not appear to store any of the enzymes required for 
phytoalexin synthesis (Taiz and Zeiger, 1991). Phytoalexins are relatively non-mobile in a 
plant and generally remain where they were produced, thus providing relatively long term 
pathogen protection. 
Biotic elicitors Some plants utilize polysaccharide fragments from the cell walls of 
fungal pathogens as a biotic elicitor (Darvil and Albersheim, 1984). Additionally, other fungal 
glycoproteins, peptides and fatty acids may also serve as elicitors of phytoalexins for various 
plant species. Fragments of pectin released from plant cell walls during insect feeding have 
also been shown to elicit phytoalexin production (Wagner, 1987). Further, environmental 
stresses such as freezing, high levels of UV light and other factors which damage plant cells 
may elicit phytoalexin biosynthesis (Davis et al., 1986). 
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Abiotic elicitors The salts of various heavy metals and pesticides can function as 
abiotic elicitors exhibiting both positive and negative influences on phytoalexin production 
depending on the dosage (Keen and Bruegger, 1977; Lydon and Duke, 1989; Lydon and 
Duke, 1993). However, not all plant species or only certain tissues within a plant respond to 
specific abiotic elicitors. The application of insecticides, herbicides and growth regulators, 
which change plant physiology and development, may alter disease susceptibility of crop 
plants (Altman et al., 1990). Three different effects appear to be involved; changes in the 
composition of the host, changes in natural defense mechanisms and changes in the host 
structure. Each may result in greater susceptibility to infection or may provide a more 
favorable environment for development of disease. These changes include quantitative and 
qualitative changes in exudation products from host plants, stimulation of pathogen growth 
and inhibition of microflora competing with potential pathogens (Altman and Rovira, 1989). 
An effective elicitor should stimulate rapid transcription of mRNA for enzymes involved 
in phytoalexin biosynthesis (Ebel and Grisebach, 1988). In soybean [Glycine max (L.) Merr.] 
cells, a biotic elicitor dramatically increased mRNA transcription within one hour Next, the 
various enzymes required for biosynthesis gradually appeared and the accumulation of the 
phytoalexin 'glyceollin' began. Within 8 h after application of an elicitor, soybean cells 
contained sufficient glyceollin concentrations to inhibit pathogen growth (Ebel and Grisebach, 
1988). 
Glyceollins Glyceollins may represent a standard defense mechanism of soybeans 
against micro organisms and insect herbivores (Fischer et al,, 1990). Three isomers of 
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glyceollin have been isolated from soybeans (Keen et al., 1971). The biosynthesis and 
accumulation of the various glyceollins in soybeans have been correlated with the inhibition of 
fungal growth (Welle et al., 1990), Phytophtora megasperma resistance (Bhattachaiyya and 
Ward, 1987; Graham et al, 1990) and reduced insect feeding (Fischer et al., 1990). 
Compounds from the glyceollin biosynthetic pathway are also involved as signals in the 
RhizobiumfiQ^mQ interaction as gene regulators for proper nodule development (Welle et al., 
1990). When soybean cotyledons were inoculated with P. megasperma, glyceollins 
accumulated only in the uppermost cell layers (Graham et al., 1990). However, the precursors 
to glyceollin (daizein and genistein) accumulated to levels 20 times as high as glyceollin in 
underlying layers of leaf cells. The massive buildup of precursors in cells distal to the point of 
elicitor application could relate to long-term induced disease resistance of these tissues 
(Graham and Graham, 1991). The timing and magnitude of glyceollin accumulation differed 
among soybeans varieties that were susceptible or resistant to P. megasperma (Bhattacharyya 
and Ward, 1987; Graham et al., 1990). Glyceollin production and resistance to P. 
megasperma also was greatly influenced by plant age and the maturity of the soybean leaves 
(Bhattacharyya and Ward, 1986). Soybeans classified as resistant to P. megasperma were 
susceptible at 12 d, while 14 d-old plants accumulated glyceollins and were resistant. 
Bhattacharyya and Ward (1986) concluded that sensitive plants did not develop mechanisms 
for triggering responses to the elicitor or that they were deficient in metabolic processes to 
support glyceollin biosynthesis. 
Glyceollins were observed to accumulate in the roots of soybean following inoculation 
with race 1 SCN (Huang and Barker, 1991). Glyceollin accumulated predominantly in root 
tissues immediately adjacent to the head region of the nematode in Centennial (resistant) but 
not in Ransom (susceptible) soybeans. Glyceollin was detected eight hours after SCN 
penetration of a resistant variety and the concentration increased steadily up to 0 .3 |aM per ml 
at 24 h after penetration (Huang and Barker, 1991). 
Glyceollins formation can also be induced by several abiotic factors (Charkraboty and 
Purkayastha, 1987; Graham and Graham, 1991; Welle and Grisebach, 1988). The application 
of 1.0 nM AgNOj solutions to soybean hypocotyls increased glyceollin levels to 1300% of 
control plants (Duke, 1985). Applications of acifluorfen [5-[2-chloro-4-(trifluromethyl) 
phenoxy]-2nitrobenzoic acid ] (5.0 ppm) increased glyceollin in the leaves of soybeans to 
>7500% of control plants (Komives and Casida, 1983; Duke, 1985). Additionally, low levels 
of'Triton X-IOC, an emulsifier that is commonly used with postemergence herbicides, was 
very effective at inducing synthesis of glyceollins in soybeans (Stossel, 1982). Conversely, the 
application of glyphosate [A^-(phosphonomethyl) glycine], which inhibits the shikimate acid 
pathway, reduced glyceollin levels in soybean leaves to less than 50% of control plants 
(Moesta and Grisebach, 1982; Ward, 1984). Glyphosate applications also resulted in the loss 
of soybean resistance to certain microbial pathogens (Keen et al,, 1982). The potential to 
alter glyceollins levels in soybeans with herbicides may allow increased disease and H. 
glycines resistance in susceptible soybeans. 
The objective of this research was to measure the influence of several postemergence 
herbicides on the level of glyceollins in the roots of a SCN-susceptible soybean variety. 
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MATERIALS AND METHODS 
'Corsoy 79' soybeans, an SCN-susceptible variety, were planted into 15 cm plastic pots in 
a greenhouse. Each pot contained 2500 cm^ of a potting material that consisted of equal parts 
of sand and Canisteo clay loam soil (Fine loamy, mixed (calcareous), mesic Typic 
Haplaquolls). The potting material was infested with approximately 5000 SCN eggs per 100 
cm^. Therefore, any SCN-induced glyceollin production which would occur in an infested 
field should occur in the pot. High-pressure sodium lights supplemented natural lighting for 
15 h with approximately 300 nM m'^ s"' PPFD for all studies. Soybeans were watered and 
fertilized' as needed for optimal growth and development. All pots were thinned to 6 
soybean plants at late VC development (Fehr et al., 1971) 1 week after planting (WAP). 
Postemergence herbicides were applied 3 WAP at normal field application rates (Table 1) 
as soybeans reached early V3. All treatments were applied in a CO^-powered spray chamber 
delivering 234 L ha"' at 245 kPa. Plants were returned to the greenhouse and sampled 4 days 
after application (DAA). This time period was chosen because glyceollin concentrations 
reached a plateau in roots of SCN-resistant soybean 4 d after inoculation with SCN (Huang 
and Barker, 1991). Soybeans were careftilly removed from the potting material, roots cut 
from each plant at the cotyledonary node and washed lightly in tap water. The fresh weight of 
each root was determined, the roots were placed in test tubes and extracted in 95% ethanol. 
"Peters Professional Soluble Plant Food (20-20-20) A H. Hummert Seed Co., 2746 
Chauteau Ave., St. Louis, MO 63103. 
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Table 1. Herbicide and adjuvant treatments applied to soybeans 4 d before extraction of root 
tissue for glyceollins. 
Treatment Herbicide rate Adjuvant rate 
kg ha"' 1 ha"' 
acifluorfen + NIS' 0.56 0.24 
bentazon + COC'' 1.12 2.34 
lactofen + COC 0.46 2.34 
COC - 234 
NIS - 0,24 
control 
'X-77 nonionic surfactant, Valent Corp. Walnut Creek, CA. 94596. 
•"Prime oil, Riverside/Terra Corp., Sioux City, lA. 51101. 
A facilitated diffusion technique (Keen, 1978) was used for glyceollin extraction as follows; 
root tissues were immersed in 25 ml of 95% ethanol and thoroughly infiltrated with solvent by 
alternating pressure between low and atmospheric levels. Test tubes were then stored at 5 C 
for 24 h, the roots removed and the ethanol evaporated in a 45 C water bath until near 
dryness. The contents of each test tube was extracted three times with 1 ml of ethyl-acetate, 
the ethyl-acetate fractions combined and evaporated at 45 C under nitrogen until dryness 
(Bhattacharyya and Ward, 1986; Stossel, 1982). The resulting residue was resuspended in 1 
ml of chloroform, applied to a silica cartridge^ and extracted with 4 ml of chloroform to 
remove non-polar compounds (Huang and Barker, 1991; Moseta and Grisebach, 1982). The 
cartridge was then eluted with 4 ml of ethanol and the ethanol fraction was evaporated under 
nitrogen until dryness at 45 C. The residue was then resuspended in 1 ml of 95% ethanol and 
subjected to HPLC analysis using procedures modified from Graham and Graham (1991). A 
150 lA sample was injected onto a 1.5 by 150-mm CIS reverse phase silica column. The 
column was eluted at 1.5 ml min"' with a linear gradient of 0-55% acetonitrile in water, pH 
3.0, for 18 min followed by a 5 min wash with 100% acetonitrile and a return to water. The 
effluent was monitored with a UV detector at 285 tjm and under these conditions, the 
glyceollin isomers eluted as a single peak at 21.3 min. The sample fraction was further 
analyzed by HPLC-mass spectrometry. Mass spectrometry yielded m/e peaks consistent with 
the findings of Burden and Bailey (1975) for glyceollins. The relative amount of glyceollin 
was determined using the molar extinction coefficient, e = 10300 (Ayres et al., 1976). 
Quantities were then adjusted to lamoles per gram of root to account for differences in sample 
fresh weight (Graham et al., 1990), Data were analyzed as a randomized complete block by 
ANOVA^ with herbicide treatment as the main plot. When significant differences among 
herbicide treatments were detected with ANOVA (P < 0,05), means were separated with 
Fisher's least significant difference test (SAS, 1987), 
"6cc X lOOOmg AccuBond, J& W Scientific, 61 Ravin Road, Riverside CA, 95630-4714. 
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RESULTS AND DISCUSSION 
The levels of glyceollin detected 4 DAA in the roots of soybeans treated with COC, 
NIS, acifluorfen and bentazon were greater than the untreated control (Figure 1). However, 
the lactofen treatment was sin\ilar to the untreated control. Huang and Barker (1991) 
observed glyceollin levels of approximately 6 and 20 jag per g of root at 4 days after 
inoculation for two SCN-resistant soybean varieties, Ransom and Centennial, respectively. 
Therefore, glyceollin levels in the roots of COC, NIS, acifluorfen and bentazon treated 
'Corsoy 79' soybeans were similar to values observed for a SCN-resistant variety (Huang and 
Barker, 1991). Glyceollin production induced by the herbicide treatment may have generated 
moderate levels of SCN resistance. 
Some researchers have shown optimal glyceollin levels are reached by the second or third 
DAA of an elicitor (Ayers et al., 1976; Graham et al., 1990; Graham and Graham, 1991). Still 
others have demonstrated that 4 d or more are required for optimal glyceollin accumulation 
(Huang and Barker, 1991; Chakraborty and Purkayastha, 1987). However, Stossel (1982) 
demonstrated that the level and optimal time for accumulation of glyceollin in soybeans varies 
with the type and concentration of the elicitor utilized. The COC, NIS, acifluorfen and 
bentazon treatments appeared to effectively induce glyceollin accumulation by 4 DAA. The 
lactofen treatments did not appear to accumulate glyceollins within 4 DAA. However, similar 
treatments reduced SCN reproduction at 4 and 8 weeks after application (Levene et al., 
1995). Greater leaf necrosis observed for the lactofen treatments reduced the viable leaf 
tissue and altered plant growth. Consequently, lactofen treatments may need additional time to 
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Fieure 1. Effect of herbicide applicaiton on the level of glyceollins detected in the roots of 
soybeans 4 days afler application. Data are the mean of 12 measurements. 
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recover from the herbicide application before sufficient glyceollin levels can accumulate . 
The untreated control had a glyceollin level of 4.0 [xg per g of root at 4 DAA. Huang and 
Barker (1991) were unable to detect glyceollins in the roots of the SCN-susceptible soybean 
varieties at 4 DAA, and only after the 8 d were glyceollins detected. However, they 
inoculated soybean seedlings with SCN in sterile sand. In this study, soybeans were grown for 
3 weeks in a non-sterile, SCN-infested potting mixture. Some small lesions from P. 
megasperma were observed on a few soybean hypocotyls. Therefore, the higher glyceollin 
levels for the control treatment could be from the presence of SCN and fungal pathogen such 
as P. megasperma in the potting mixture. Komives and Casida (1983) stated "the ability to 
control synthesis of secondary plant metabolites with diphenyl-ether herbicides, such as 
acifluorfen, is of interest in several respects besides its possible contribution to their herbicidal 
action. It is useful in establishing biosynthetic pathways by increasing the rate of synthesis and 
content of secondary plant metabolites." Consequently, selected, herbicide treatments which 
can increase the root glyceollin levels of SCN-susceptible soybeans may be effective 
management tools for SCN. Reduced SCN reproduction following the application of various 
diphenyl-ether herbicides has been reported in field plots (Browde et al, 1994) and in the 
greenhouse (Levene et al., 1995). However, the timing of herbicide application may be very 
important for optimal suppression of SCN reproduction. 
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GENERAL CONCLUSIONS 
Several treatments used in these studies reduced SON reproduction at four and eight 
weeks after application (WAA). By inoculating plants with eggs from untreated soybeans two 
weeks before treatment application, J2 SCN could hatch and migrate to the soybean roots 
before treatment. Therefore, the reduced SCN reproduction observed at four WAA was not 
likely related to hatching or migration rate differences. Additionally, RES collected after 
application of the same treatments did not affect SCN hatching. SCN development within 
roots of host plants must have been inhibited, resulting in reduced egg production. Some 
treatments also had a negative influence on egg hatching. Therefore, the lower SCN 
reproduction observed at eight WAA may have been due to the production of fewer eggs 
given the reduced hatching from the first SCN generation. Consequently, two generations of 
SCN were negatively affected by applications of acifluorfen, bentazon, lactofen, COC and 
NIS. Increased glyceollin levels in soybean roots following acifluorfen, bentazon, COC and 
NIS applications likely was the factor which reduced SCN reproduction on treated plants. 
All research for this dissertation was conducted with one soybean variety in the greenhouse, 
thus the exact relationship to field situations is unknown. However, the management of SCN 
may be improved by using these postemergence herbicides or any eiicitor which could trigger 
high glyceollin levels in soybean roots to reduce nematode reproduction and improve soybean 
yields. The impact of these herbicides treatments on SCN populations will likely depend on 
environmental conditions, SCN infestation level, and production practices utilized. Still, 
soybean producers should add herbicide treatment to their list of SCN management tools. 
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APPENDIX 
Table 1. Analysis of variance for harvest date, herbicide and herbicide rate on SCN egg 
densities per 100 cm^ soil. 
Source of variation df Mean square F value p>F 
Block (B) 4 14569714 2.76 0.0285 
Harvest date (D) 1 4439611441 106.95 0.0001 
Herbicide (H) 6 233674216 5,63 0.0001 
D*H 6 163529281 3.94 0.0009 
Herbicide rate (R) 1 37764318 0.91 0.341 i 
D*R 6 59607343 1.44 0.2320 
H*R 6 24628689 0.59 0.7355 
D*H*R 6 31120991 0.75 0.6102 
Error 248 19932550 
Table 2. Analysis of variance for herbicide and adjuvant treatments on SCN egg densities per 
100 cm^ soil at 4 WAA. 
Source of variation df Mean square F value p>F 
Block (B) 4 2303157 1.12 0.3570 
Herbicide trt. 8 7932667 3.84 0.0010 
Error 77 2064363 
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Table 3. Analysis of variance for herbicide and adjuvant treatments on SCN egg densities per 
100 cm' soil at 8 WAA. 
Source of variation df Mean square F value p>F 
Block (B) 4 48586715 1.56 0,1957 
Herbicide trt. (H) 8 156100038 5.01 0,0001 
Error 77 31141631 
Table 4. Analysis of variance for herbicide treatment on J2 SCN densities per 100 cm' soil at 4 
WAA. 
Source of variation df Mean square F value p>F 
Block 4 51728.3 0,85 0.5087 
Herbicide trt. 5 89893,3 1.48 0,0495 
Error 20 60648.3 
Table 5. Analysis of variance for herbicide and adjuvant treatments on SCN egg densities per 
100 cm^ soil at 4 WAA. 
Source of variation df Mean square F value p>F 
Block 4 146479.2 2,86 0.4510 
Herbicide (H) 2 151250.0 2,95 0.1816 
Adjuvant (A) 2 23750.0 0,46 0.6381 
H*A 1 663750.0 12.97 0.0029 
Error 14 51184.5 
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Table 6. Analysis of variance for harvest date, herbicide treatments and herbicide placement 
on SCN egg densities per 100 cm^ soil. 
Source of variation df Mean square F value p>F 
Block (B) 4 114167 0.46 0.7669 
Harvest date (D) 1 86992553 34.86 0.0001 
Herbicide trt. (H) 5 7442912 2.98 0.0120 
D»H 5 3109799 8.48 0.2873 
Placement (P) 2 11908068 4.77 0.0091 
D*P 2 3109799 1.25 0.2873 
H*P 10 3344369 1,34 0.2079 
D*H*P 10 1830791 0.73 0.6929 
Error 320 2495481 
Table 7. Analysis of variance for the presence of SCN in the potting material on SCN hatching 
incubated in RES from herbicide treated soybeans 
Source of variation df Mean square F value p>F 
Block (B) 4 2303156.9 1.12 0 3570 
SCN (S) 1 5426213,6 2.78 0 0601 
Herbicide trt. (H) 7 7932667.4 3.84 0.0010 
S*H 5 3227962 4 1.56 0.1536 
Error 48 2064363.0 
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Table 8. Analysis of variance for sterilization of RES, herbicide treatment, and incubation 
period on SCN egg hatching. 
Source of variation df Mean square F value p>F 
Block (B) 4 0.0019095 0.10 0.9809 
Incubation period (I) 6 1.9946987 109.45 0.0001 
Sterilization (S) 1 0.3401996 18.67 0.0001 
S*1 6 0.0025159 0.14 0.9913 
Herbicide trt. (H) 7 0.1285231 7.05 0.0001 
I*H 42 0.0029913 0.16 1.0000 
S*H 5 0.0000000 0.00 1.0000 
I»S»H 30 0.0008316 0.05 1.0000 
Error 1498 0.0182251 
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Table 10. Analysis of variance for incubation solution and incubation period on hatching of 
SCN eggs collected from herbicide treated soybeans. 
Source of variation df Mean square F value p>F 
Block (B) 4 0.01532320 5.65 0.0002 
Incubation period (I) 6 1.12592423 415.03 0.0001 
Solution (S) 1 1.72928663 637.43 0.0001 
S*l 6 0.13460287 49.62 0.0001 
Herbicide trt. (H) 5 0.07225893 26.64 0.0001 
H*I 30 0.00406075 1.50 0.0440 
H*S 5 0.00939494 3.46 0.0042 
H*I*S 30 0.00065228 0,24 1.0000 
Error 839 0.00271288 
Table 11. Analysis of variance for herbicide treatment on glyceollin level in the roots of 
treated soybeans. 
Source of variation df Mean square F value p>F 
Block (B) 5 194.1 0 38 0 8594 
Herbicide trt. 5 2254.9 4.38 0 0053 
Error 35 514.3 
